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Fragments of the 250 kDa S I subunit of the Clasrridiurtt hwtocc~lu~r~ cellulosomc were obtained by proteasc-induced or spontaneous degradation. 
All detectable fragments, down to a mass of about 30 kDa, retained the ability LO bind to ‘z51-labelled ndoglucanase &ID, one of the catalytic 
subunits of the cellulosome. Several fragments were able to bind both to ccllulosc and to &ID. However, some fragments that could still bind to 
CelD did not have the ability to bind to ccllulosc. Therefore, Sl, a putative scaffolding protein of the cetlulosomc, is likely to carry two separate 
types of domains, one of which binds to ccllulosc, while the other type binds to the various catalytic subunits of the complex. 
Ccllulosome; Scaffolding protein; Sl subunit; Closrridhrr~ rl~rmocehnr 
1. INTRODUCTION 
Closrridiurtt ~hennoceliu~n, an anaerobic and thermo- 
philic bacterium, possesses a highly efficient cellulose- 
degrading system [I]. This cellulase system consists 
mainly of an extracellular high molecular weight com- 
plex, termed the cellulosome, which binds strongly to 
cellulose [2]. 
The cellulosome is composed of at least 14 different 
polypeptides (listed as Sl to Sl.4 on the basis of SDS- 
PAGE separation by Lamed et al. [2]), most of which 
exhibit cellulolytic [2] or xylanolytic activity [3-5]. How- 
ever, no definite catalytic activity has been ascribed to 
St, the largest subunit. Sl, a 210-250 kDa protein, also 
termed S,_ [6], was proposed to act as a cellulose-binding 
factor and/or as a scaffolding protein of the complex 
[7,8]. The latter hypothesis was recently supported by 
the observation that catalytic subunits of the complex, 
such as endoglucanase CelD or xylanase Xyn%:. were 
able to bind to S 1. Binding is mediated by a non-cata- 
lytic domain, containing a duplicated segment of 22 
residues, which is present in several of the catalytic sub- 
units of the complex [9]. 
The large size of Sl suggests that the protein may 
consist of several domains, some of which could be 
involved in anchoring catalytic subunits to the complex, 
while other(s) would be responsible for binding to cellu- 
lose. To check this hypothesis, subfragments of Sl gen- 
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erated by Srrrplzylococcus uurms V8 protease were tested 
for the capacity to interact with intact, ‘351-labelled n- 
doglucanase CelD and for their affinity for cellulose. 
The properties of subfragments of Sl spontaneously 
generated in the absence of protease were also analyzed. 
2. MATERIALS AND METHODS 
2. I. Ekrrodurion o,f SI 
The cellulosomc was puriticd from C. hw~torcllurn NCIB 10689 
culture supernatant by cellulose affinity chromatography [2]. Samples 
of cellulosome were boiled for 5 min in Laemmli sample buffer [IO] 
and loaded onto 10% SDS-polyacrylamide gels. After electrophorcsis 
the Sl band was identified by staining a strip of the gel with Coomassic 
brilliant blue, and the corresponding region was cut from the un- 
stained part of the gel. Cicl pieces were inserted into a dialysis bag and 
the protein was electrocluted inTris-glycinc buffer (25 mM Tris. 193 
mMglycinc)containingO.l% SDSat lOV/cm for6 h.Thcpreparation 
was dialyzed against 20 mM Tris-HCI buflcr, pH 7,7, to remove SDS. 
Buffers and dialysis bags were autoclaved and gloves were worn to 
minimize contamination by protcases. 
2.2. Pat-rid digcstrriolr u:ifh Staphylococcus aurcus V8 protcasc 
6~6 Sl protein was treated for I h at 37°C with various conccntra- 
tions of S. UUIWS V8 protease (Sigma) in 60 ul Tris-glycine buffer in 
the presence or absence of 0.1% SDS. The incubation was tcrminatcd 
by adding an equal volume of a twofold concentration of sample 
buffer [IO] and heating for 5 min at 100°C. 
10 mg Avicel (Machcrey-Nagel) was incubated for 90 min at room 
tcmperaturc with 60 ~1 20 mM Tris-HCI, pH 7.7, containing 8 /QJ of 
dialyzed SI protein and centrifuged. 30 fli of supematant. i e. the 
unbound fraction. were collected. The pellet was washed 4 times with 
30 yl 20 mM Tris-HC1, pH 7.7. Cellulose-bound material was cluted 
by adding 30 ~1 of a twofold concentration of sample buffer fbllbwcd 
by heating for 5 min at IOO”C. The various fractions were analyzed 
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by SDS-PAGE [IO]. S. CIWWIS VS prouisc-gencratcd subfragmcnts 
were obtained by treating 8 pg Sl for 60 min with IO ,Wrnl proWuse 
in the presence of 0.1% SDS, After heating at 100°C for 5 min the 
digested protein was dialyzed against 20 mM Tris-HCI. pH 7.7. The 
dialyzed material was precipitated by adding 2 ~01s. of acetone (pre- 
chilled lo -7O”C), taken up in 60 ~1 20 mM Tris-HCI. pH 7,7, and 
tested for ccllulosc binding. 
Samples were separate; by SDS-PAGE and transferred onto nitro- 
ccllulosc membranes [I I], Bands showing affinity for the duplicated 
scgmcnt of CelD were dctectrd by incubating the membranes with 
‘2”l-labellcd CelD [!I]. 
3. RESULTS 
3.1. Protrolytic digesriott of Sf by Staphylococcus au- 
Fig. IA shows that in the presence of 0.1% SDS, 
treatment of Sl with S. UUI’CWS V8 protease generated a
set of discrete subfragments ranging from 200 kDa to 
about 30 kDa. All of the subfragments detected by 
Coomassic blue staining retained the capacity to bind 
CelD (Fig. IS). Protease treatment in the absence of 
SDS was less efficient (Fig. IC). This indicates that 
protease-sensitive r gions became more exposed in the 
presence of SDS. A set of minor bands showing a simi- 
lar pattern was also observed in the sample that was not 
treated with proteasc (lane 1 of each panel), suggesting 
spontaneous degradation of Sl, 
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3.2. Bittdittg to ceihhe of Sl subfiagmenrs 
The SL protein (= Sl) is able to promote binding to 
cellulose of the catalytic cellulosome subunit Ss [8]. Rc- 
cently, Morag et al. [12] reported that purified Si could 
bind to cellulose. Upon binding, the protein became 
susceptible to conversion by hot SDS into a set of com- 
ponents of lower rW, values [12]. Therefore, the cellu- 
lose-binding properties of S 1 and its subfragments were 
investigated. Fig. 2A confirms that Sl and its spontane- 
ously generated subfragments could bind to cellulose 
and be eluted in the presence of SDS. However, adsorp- 
tion to cellulose did not, in our hands, lead to an in- 
creased sensitivity to SDS. Fig. 2B shows that among 
SI fragments generated by S. aureus VS protease some 
polypeptides retained the capacity to adsorb to cellulose 
and to bind “51-labelled CelD, while others, which 
could still bind CelD, could no longer adsorb to cellu- 
lose, 
3.3. Cottdilitiorw aJfecrivrg the sponraneous degradarion of 
puriJied Sl 
Morag et al. reported the conversion of Sl to lower 
M, species upon dialysis against low ionic strength or 
low pH buffers followed by SDS treatment 112,131. In
the absence of added protease a somewhat similar, but 
much less extensive, disintegration of Sl was also ob- 
served in this work. Therefore, we investigated the con- 
ditions that influenced this phenomenon. Fig. 3 shows 
that when the sample was heated a1 37?Z in sample 
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Fig. 1 c partial digestion ot’S 1 with Stuphyloc XPI~ aurms Vtl protease. In pan& A and 8, digestion was performed in Ttis-glycine buifer containing 
0 1% SDS. In panels C and D digestion war, performed in Tris-glycine. A and C, Coomassic blue-stained gels; l3 and D, autoradiograms of 
polypcptides interacting with l~sI-CelD. 2pg ol treated SI were lo;lded in each lane. Concentrations of S. aureusV8 proteasc during the incubation 
were: lane I, 0 p@ml; lane 2, IO &/ml; lane 3, 20 pB/ml; lane 4, 50 ,&imi. No balld was revealed upon incubation with the 1251-labelled 63 kDa 
form of CclD lacking the duplicated segment (data not shown). 
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Fig. 2. Binding to cellulose of Sl subfragments that interact with 
“51-labelled CclD. (A) Undigested Sl. (B) Subfragments of Sl gcner- 
ated by S. mreus V8 proleasc. Lane 1, sample prior to adsorption to 
cellulose; lane 2. non-bound fraction; lane 3, fraction clutcd from 
ecllulosc with sarnplc buffer; lanes 4 and 5, first two washes of unad- 
sorbed material with 20 mM Tris-I-ICI pH 7.7. Stars indicate subfrag 
mcnts unable to bind to cellulose but retaining the ability to interact 
with the duplicated segment of CelD. Filled circles indicate subfrag- 
ments retaining the two binding properties. 
buffer a single band was observed (lane 1). Heating for 
5 min at 100°C led to a slightly slower rate of migration 
of Sl and generated aset of minor polypeptides ranging 
from 90 to 220 kDa (lane 2). A similar observation was 
made by Morag et al. [ 121. An identical set of bands was 
observed when the sample was treated with 80% 
HCOOH containing 0.1 8 SDS prior to incubation at 
37°C in sample buffer (lane 3). The strongest intensity 
of the lower M, bands was obtained by treating the 
sample with 80% HCOOH containing 0.1% SDS fol- 
lowed by heating at 100°C in sample buffer (lane 4). 
This particularly harsh treatment is known to resuit in 
the dissociation of the highly stable protein complexes 
found in ,&~baerra gas vesicles (G. Guglielmi, personal 
communication). Prior dialysis of electrocluted SI 
against distilled water did not aker the pattern observed 
for the sample that was heated at 100°C (lane 5). In our 
hands, prior dialysis of the purified cellulosome against 
distilled water or 10 mM sodium acetate buffer, pH 4.5, 
also failed to change, detectably, the migration of any 
cellulosomal component, including Sl, in SDS-PAGE 
gels (data not shown). 
The same samples were probed for binding of lz51- 
labelled CelD. Fig. 3B shows that all polypeptides de- 
tected by Coomassie blue staining (Fig. 3A) were able 
to bind CelD. 
4. DISCUSSION 
Down to a mass of 30 kDa all fragments of Sl gener- 
ated by S. aur’eus VS protease retained the ability to 
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Fig. 3. Migration pattern of St and Sl-derived p>lypeptides in SD!% 
PAGE rollowing various treatments, (A) Coomassie blue-stained gel. 
(B) Autoradiogmni of polypcptidcs interacting with ‘“‘I-CelD. 4~gSl 
was loaded in each lane. Lane I. Sl was incubated for GO min at 37°C 
in sample buffer [IO]; lane 2, SI was incubated for 5 min at 100°C in 
sample bulk; lane 3, Sl was incubated for 5 min at room temperature 
in 80% HCOOH-0.1% SDS and vacuum-dried. The pellet WBS washed 
3 times with distilled water, rcsuspendcd in sample buffer and incu- 
bated for 60 min at 37°C; lane 4. Sl underwent he same treatment 
as in lane 3 but was incubated for 5 niin at 100°C in sample bulk; 
lane 5, SI was dialyrcd against distilled water prior to heating for 5 
min at 100 “C in sample buffer. 
bind CelD carrying the duplicated segment common to 
cellulosomal cellulases and xylanases of C. rltermorel- 
lute. This result puts an upper limit to the size of the 
domain(s) of Sl that bind catalytic subunits of the cellu- 
losome. Indeed, the complete sequence of a gene encod- 
ing a polypeptide cross-,reacting immunologically with 
SI was recently determined. The sequence of the poly- 
peptide comprises eight homologous domains of about 
165 residues, which might correspond to the anchoring 
sites for the various catalytic subunits (U.T. Gerngross 
and A,L. Demain, personal communication). 
Purified Sl binds to ctllulose. Since it was possible to 
generate subfragments Lhat still bound CelD, but no 
longer bound to cellulcse, Sl must carry at least one 
cellulose-binding domain that is distinct from the do- 
main(s) responsible for anchoring cellulolytic and xyla- 
nolytic enzymes. The size of fragments that did not bind 
to cellulose (up to about 200 kDa) suggests that the 
cellulose-binding domain is located one or the other 
terminus of the protein, as is often the case with cellu- 
lolytic and xylanolytic enzymes [14-161. 
Therefore, the results reported here are consistent 
with the hypothesis that Sl is a multi-domain protein 
with a dual function. Adsorption of the complex to the 
substrate would be performed by the cellulose-binding 
domain, possib!y in cooperation with other cellulose- 
binding domains carried by some of the catalytic sub- 
units [ 171. Organization of the various catalytic subunits 
along Sl would be mediated by several anchoring do- 
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mains. Indeed, electron micrographs have shown that 
the cellulosome consists of globular particles (the cata- 
lytic subunits ?> which are linked at regular intervals to 
a centrat, fibrous material (the Sl subunit ?) [IS]. An 
example of scaffolding protein carrying repeated an- 
choring domains is the aminoacyl-tRNA synthetasc 
complex of Drosophi/u [19]. The complex contains a 190 
kDa subunit comprising two catalytic regions separated 
by a central domain. The central domain, which has 
been proposed to serve as a template for the association 
of other subunits of the complex, contains six repeated 
units of 75 amino acids each. 
The lower M, bands generated spontaneously from 
purified Sl in SDS-PAGE analysis are reminiscent of 
the lower M, bands derived from Sl described by 
Morag et al. upon dialysis under low pH or low ionic 
strength conditions followed by SDS-PAGE [12, 131. 
Accurate comparison of the two patterns was not possi- 
ble due to our failure, for unknown reasons, to repro- 
duce these observations. At any rate, our results indi- 
cate that if Sl consists of a mulrimeric complex, this 
complex must be extremely stable since dissociation 
after HCOOH + SDS treatment is, at best, very incom- 
plete. Alternatively, the observed pattern could be due 
to the cleavage, either spontaneous or induced by some 
protease present in the sample, of a large polypeptide 
containing labile peptide bonds. The cloning of a gene 
encoding a single 197 kDa polypeptide cross-reacting 
immunologically with the 250 kDa S,_ (= Sl) glycopro- 
tein (I_J.T, Gerngross and A.L.Demain, personal com- 
munication) argues in favour of the latter hypothesis. 
Dissociation of a multisubunit complex would require 
Sl to be post-translationally processed into fragments 
that cling together tightly. Such fragments would have 
to have highly similar N-terminal sequences, ince resi- 
dues 3-7 from the amino teminus of the Sl band could 
be unambiguously determined (J. d’Alayar, personal 
communication). The fact that degradation of Sl by S. 
NUWUS V8 protease mimicked, in part, the spontaneous 
degradation pattern also supports the hypothesis that 
the latter may result from peptide bond cleavage. 
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